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Cn_the Symbiosis df Viruses _and

Mierohes

Ry

o

Lo A. Zi1tber 'Moscow)

Soviet blologicel seience has' iscertained the decisive role
of the outer wedium in the develormbit and variability of orsanians.
The great Soviet scholars, I. P. Pawiov and Y. V. Michurin in A1f.
ferent ways, while studying the verfous phencmena of nature, cama
to one and the samm position on the 'mity of the organism and med:iss.
Numerous scholars of our country wj th T. D, Lyrenkc st the hesd aiw
successfully solving the questions ¢~ develaprent heredity, wuria..
bility, and formation of species In continudus harmony with ondi..
tions of life.

Productive uss of this princigle, which has enriched Sovlet
science with the greatest theoretical and prectical achievem:nts,
requires s detailed study of ocrganiss in closé coopsretion with
the medium during various and chanefsg conditiéns of this inter.
action. Offering special difficultics 1s a eintlar study of tha
different perasitizing organisms for which the iinner mediwm of
other organisms 1s, in certain pcridis of their exiatence, tie
outer mediur and which do not breed '4n the otter netural rediuwa,
The viruses ton belong to such paragitising prganisms. The
viruses, being obligatory cellular peranites, In the opinion of
the majority of investigators sre derrived of the possibility to
sexist in an euter natural medivm. Tt is quite natural thet con.
temporary virology has paid much attisntion to a study of the
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interaction of the viruses with the cells of macroorganisms. The
question even of the interaction of' viruses with the outer natural
medium hag been studied almost exclusively on the plane of ths
lmveatigation of the effect on virmmes of temperature, humidity,
and other such factors., It is easy to see that such a study
cannot give a proper idea of the interaction of viruses with the
outer natural medium. This medium i3 never sterile; it is alvays
in one or another degee populated with microbes » and the constans
presence of microbes in this medium camot be ignored during the
study of the interaction of viruses with the natural medium.

In characterising the dialectie method, I, V. Stalin wrote:
"...any phenomenor in any sphere of nature gan be converted into
an sbsurdity if i’ is examined out eof connection with the surrounce.
ing conditions, in breaking avay fror them; and, vice versa, oy
phenumenon can b understcod and substantiatesd if it is consicerec
in its indissolusle content with susrounding phenomena and its de-
pendency on ths phenomena surrounding it" ("History of VKP (n).
Short Course", p, 1013 1950.). Thia position of I. V. Stelin should
be a guiding o in a study of the relationships and conneecticos
between the or:anism and tha medium,. Only in this case, if um
shall study . interaction of viruses with thd outer natura
medium in cl.se connection with those conditions in which the virus
is found in chis medium, we shall be “ble to,und ratand the ba:ic
rules of this reeciprocity and take ino considsration its ippo:tenss
for the exitence and propagation of uhe viruses, = =

~ One ¢ the constantly existing onditid 8 of the ocuter
natural medium is the presence in it «f micrdueb. An overwhelrning
majority o’ the viruses is inevitably found th.ﬁ them, not only whua:
they are 4> be found in the outer med:um but albo during their
direct pessing over from one organism to another, since the tissue:
of ths orzanism through which the viniges infil¢rate are not
sterile. Hence, it follows that durirg the study of the inter-
action of the viruses with the .outer redium it 4s necesgary thst
specia’ attention be paid to their interaction with the microhea

fhe capacity of the viruses for intracellylar paragitian
arose i a resuit of their many centixies of evalution, in the
cours: of which the outer medium was ®ltered, ani the macrcorganisss
and v.ruses were altered as well as the microbed that populated and
were :n contact with the outer medium »f the tiseue of the macro..
organ!sms, -
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It is difficult to suppose that sany eenfuries of ¢lose :cn-
tact betwsen different living beings heve proved inssnsible to ‘ner
and have not led to any foras of their soexistsngs. It is retural,
therefors, to suppose that among the viruses and microbes thers ey

exist both the phenomena of syabiosis snd the phénomena of antagonisa
so prevalent in_mtu:a. :

The probability of such & hypothesis is eonfirmed further oy
the 1 ng corsiderations, It has long bees lmown that microies
can adsorb the most diverse substances; dyes, odlloid netals, uic,
On the other hand, the capacity of viruizes to % sdsorbed by difer-
ent subastrates ie known and ssd for dsrelopment of methods for-
their purificaticn.  Finally, the capasity has;long been lmown o
killed microbes to adsord viruses, 4all thase facts make valid :.c
the hypothesis of the adsorption of virsee by ‘live microbes,
Similer adsorpticn, i whici closest co dact ogours between the:n
oould in itself be ths facior that has siipulaged in the rangs o
evolution the sppearance of any forms o' adaptgtion of viruses ..
micrabes. '

Thus, the study of the interactiei of viruses from the ouic:
natural msdium requires a study of thel. intermction with the
nicroben,

Part of this great, problem, the Penomenin ¢f the symbion! -
of microbes and viruses, waos studied ia oup lsboretory from 193 %o
1937 in collaborsiicn with the late F, ., Vostsuidors, to the
menmory of whom thiz werk is dedieated. Ouyr investigations attrocrac
the attention of uthes suthors, and in rubsequeht years rather :cn-
siderable literature ias been compiled (n this dem, Now wh::
the position of the harmony of organism and B bas becoms 2
guiding principle cf Soviet biology it is opportase %o Mpply o=l
results of the study of this prcblem pozad and studisd by Sovia:
scientiste. :

~_ Weo shall not set forth hare in clwonologieal order the ds':
to be had in lits:ature %o the present time., It &z more expedi=nt
for us t6 give an account of these mataxials in their logleal ds-
velopment, Sincs the question of adsorpiion of viruses by micrones
is quite essentid to the etudy of tha syrblosis bwtween them w:d,
togother with it, has separate theorstical amnd prectisal signiri..
cance, we shall zive an account of it herore thé ot.hers.
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The adsorption of viruses by different substrates his re-
peatedly served as the subject of invuuorﬁ.on of differenc auju s,
however, the question of the adsorition of viruges by Mvin: aiamben
hags almost not ccen studied at all},

In our investigations (Z1l'dar and deliseva, 1935) th- sd-
sorption was studied of the virus of varidlar vactine ¥y tho To: j &

yeast, The cholce of the y:ast fow experiments on L -

of the syabicsis of viruses .nd micwcbes was stipulsti:c by
the fact thit yeusts are widely di:tributed siercbes ofter ‘curt
in the air and on the sidn of man, Purthirmbre, are lorge,
samy o culture, and wellestudied iiiervorganisas, vory sam:
strain, Torula kephir, was the fipvt strain with whioh expe:imeids
on gyz1i3s1s were 68 up, and singr these experimants gave :osiid s
results we continued working wiih .ais stowmip further.

Experinents on the study of iae adscaphion were set 1 in
the fallowing way. Tc & suspaanid of yemet in physiologiai i
solution of sodiim chloride or in Louillon ths virus of va.. olas-
vacolne was added in the fora of & seatrifugate or filtmis af
R01st "soskobe (scraping?) from q:1f or rwbbit or of testi uls:
rabbit virus, The mixture was left standing in & thermosta: at
37° for 2 hours, and in part of tix axperipests it was let - tar
for 2 hours in a refrigerstor at !-6%, For cenmtrol, the s
&swonht of visus was added to bouilion and preserved with L sans
conditions. At ihe explration of iie tine igdiceted. the w':Sare
was centrifuged, the deposit was w shod tufed with large a:aata
of physiological solution, and the soatent of virus was de . uivei
then in the super-charged fluid, s weah vatere, and the i:03sit,
To the super-charged flaid cbtainec fiesh yeget was again acded,
and the exps;imsni was cepeated agein, simtion of iz 7irus
s made Ly titration on the siin s> rebbits or the eornea ! pigs
(franslator's nots: probadly guim: piga)s

' In the overwheluing sajority if expepiments the wash:
depasit of yuasts contained the viris of variplar vagcine, aud
positive results weres cotained at J; 10 and X 100 dldutici. .i° e
dapasit. The first wash waters cop.eined $he vizus, somet:iiiza ia
cousiderable amount (up to a 1: 10C) dilusion). The seconc sasz
waters did aot disclose the virus §1 a singls experinent, Tie
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super-charged fluid after first contsct with the yeast did not
always give an apperent reduction of titar, especially if it sus

high, but after a second contact the titer wes rednced from ten
- %0 & thousand times.

) Inomdnnuumwthoymunantbﬂm.
ths filtrate of whioh had s low titer (1:100), ‘the virus oould
not be dstected in the supsrechargsd rluid after first combact.
Thauoxperin&msr-mhduutmndngmtmm
the virus from variolar vaccine.

Turevich and Iamushevich (1937) studied this question :ir
more detail &{n cur laboratory. They 300k into weooumt in thei:
experiments the pil of the medium in wiich the sdeorption of th-
virus by the ycast was studied and chs yeast wam presipitated :nd
washed (three to rive timas) during 1700 revelutions of the s .-
trifuge in the course of 5 mimtes.

Can' ation was carried out : short erpugh time te &v.id
oven an ins: icant deposit, togeth:r with the youst, of th=
variolar virus tco, Suitabls experiments shewsd shat with the use
of moist sarapings containing & vast -mount of slemsatary boci s
the latter are deposited, even if in in insignificant smowat, .uriag
csutrifugation for a period of 10 or :ore mizutes, Experimssi s
up durdng the maintenance of all thes: precautions with f£iltr: ss
of moist scraping rovesled that yeast after oontect with ths
varidlar virus in the refrigerstor £é:- a perfod of 2helO hours sa.
after washing thres times, contain th.s virus apd provoke in
animals typical variolar disease, .

Adscrption of the virus in Uw iost comsiderable amount - as
noted in the acid scne at pH = 5.4 - 6,2, Ab e 7] e 8.2 i was
less sharply expressed and was not obesrved in all cases., Aticapty
to study tho adsorption of the virus ty niorosoepic examinati::
of smears did not give Turevich conviioi remults, At the
present timo by mears of alestron opy:ss miorogsope?) this g -
ticn can be investigated in great det: 11, '

The question ¢f the adsorption ¢! the viriaes by live mi-
crodes was studied zlso by Zeitlsnk (3750) em types of virus ..
infectious ectruglia, Filteates of t1is vires were blended
through a Berkefeld V or N candls 1112 with suspensions of
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the sams handling was carried ot as im the mein '

; nt. ‘he
,glmntormmdotemmbyinonhuonot ) by

trate, 2) by s mixture of filtrate snd buffer, 3) by the met
vscuh fluld of microbes, L) by tae last wash fluid of the conms 1
) by the deposit of microbes ¥ished from the filtrate. snd .i) '

by the control precipitate., The following oultures ef m crow
wre tested by the author: the yellow Sp , the wilte ani ¢ g

yollow ﬂ%mm R- Mycolies, mlu oL yoea b
%{“ maéﬁt‘:d min 1¢:'wd, the ¢} » mr; o{;:: ;),

studi relat-on to the pH of the medive, tle
temperature, the consisteney of the m;ﬂm » “f;; fga
of contact of the virus with mirrobes, and 8o forth, |

All these teste disclosed a defirtity W vigus
af sctromalia to be adsorved by microbes t:ngw Wty x i;:gi‘
vith this, that the diffarent mcrobes possess an antizel. diff:rent
:gccity o adsorb the virus. Thus, for qxample, the stenyloc wei

sercine in all 35 experimeiits disclosed this eapaolisy  sksrsas
the rose-colored yeast adsorbed the virus only in one out af 1k
experimenis, but in the kouniss yaast this capacity wes - &
gemrally cbserved, In thoss mperiments in which the phanoasn m
of adsorption uas cbserved the washed microbes oontedmed -irup,
but the lspt wash water and tha sontroly 4id not contain rmsf
It should be noted tast in certaln cases §he vArus wes &d -origs
by microbes aliost wholly, as the exparimsmts revealed = 1 &4
which the deposit was titrated £ aontent of virus,

_ In the experiments of Zoitisnk, the B ' IPE X SIS
of Turevich and Iamshevich, the W? gci:t?f ﬁa*: ;:f
for adsorption was noted, As & ~ule, the ndsorption procisdsl : on
sidarably more fully during a slightly scie , n, Wit $ha il
equal to 6,0-6.8, In conditiong of a Cwm P
(pH = TlieB.l) the muder of pos: tive results was conside: bl
reduced, The substitution of & uffer soletion of horse ::2rus
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did not inhibit adsorption. The vims in the edecebad stabe provsé
mre durwble both to preservation in the gondifiors of tiw thermo-
stat and refyigerator and to hoating at 59° G, ,

It is interesting to0 note that tiw strais of yoas
vhish adsorbed well the virus of variolar vae axpari-
mants and the axperiments of Turevick adserdsd the virws of o¢-
tromelia poorly in the wxpsrisents o Zaitlenk, Thus, in thwe
phenamsnon of adsorption both the prepertias of the mierobe and
the properties of the virus play a rele, ]

All these dats have left no dauot of the fast that at Leant
omrtain viruses are adsorbed by micrones in the eonditions of e
experiment. Doss this process taks place in ngtaral oondition:?
Paltkovich and Tanushevich (1937) haws devoted speeinl imvestizntisa
to this question. ‘

They sowed fresh variolar oalf lymph ips 1: )0 &lution o=
blood agar poured into a Petri dish. After 2 heurs of stanciyg
in a thermostat all speciss of the crlonies cultured were rerc uc
from the dish to bouillon, The bouiliom cultutes were intyocu:sd
intra-gutancously into rabbite, whick were killed with a blov on
the Lth-Sth day wita ths typical reaciions presemi, The papui:n
on the skin thet were sspareted off foom these rebbits were re.dils
eut into from the inner side, and a saml} mpunt of exudate i
eollscted, diluted with stérils physislogical solution, and :i: -
mtmu&rorthaprounee of the virus aof the vasolme after
verification of the sterility. The presence of the virus war
tablished by i;s:cnlat.ion inte the corica of palbit op into thc
chorio-allantoid memdrane of chick embryo, with subeequent ts.
closure of the typizal reaction end o th: slempntary bodies.

During the investigation of $O =trains of different micr:bes
isolated from 30 sexies of oslf lymph it wes debermined that it
of 39 strains ¢f white staphylococcus 34 were bhearers of the + 1wz
of the variols vaccine, out of 1 sty:ine of yedllow sarcina ¢
streins were bearers of the virus, ou: of 15 swains of yelicw
staphylocoocus six strains were bearp:s of the virus, and eut of
22 strsins of diphtheroid bacillus no. ons ocondtadined virus,

Thus, thess experiments showed hat the vims of varioli
vaccine gan be adsorbed by certain microbes and, in neturel coics-
tions, adsorption hare too bearing a :elsstive charsster,

13
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bodiu, in the preparstion of uhieh their Wm apcel.
possibly changed. Morecver, he did not talie inmto asoount t.m pz;
the medium in which the adsorption oocgu¥s. It 18 surpris.ng
that Amies did not observe the pre¢ipitatidn of the alemsttay bixil ss
during their centrifugation for a pariod of X wimutes at 250 mren
lavions per simts., In the sbove-pentionsd experiments of :rev i
the precipitation, as indicated, cocurred 4t p far esrlier ricd,
and Amiss should hiave been able to detesot the virus in the st
md staphylococcus precipitates i 10t in 4n adeorbed stste, then
&8 & result of the settling during ~ontrifugation. Howewver, ialx:
reports no such data. It is entireiy llmly that Amles® meg:tina
results were stipulated by the use of weshed slamsntary boci-s

and the unfavorebis hydrogen figure of the wmsitium in whioch he
axperiments of adsorption were conticted, ‘

R

In connection with cur data ¢ited a s aJao in counee -
tion with cbservations that utnblwud 0CoWTICS I3
the outer medium of the virus of po! s, foreign Lwa-tigvs -3

tﬂobnompiedw“ummtmnﬁﬂuquutisa
the possibility of adsorption and the carrier ability in gen-ral
of virusas by =microbes,

In our worke it hes besn pointed ont thept the survivel of
viruses in the outer medium is posgibly stipulated dy their :jm-
bioais with microbes. This opinioh too is plisced st the by of
the works of foreign investigators, Klirg am! his collabora ors,
0lin, Fehresus and Norlin, {I542) siudied the pressnos of th: visx
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of poliomyelitis in sewer watars of one of 4ip Steckhola Mstricss.

The mumber of virus detected was so considerebls that it ws reoss

sary to assune sither the possibili‘y of the cavwying of the virus
all the residents of this distrist (sbout 000 persais ; or

its multiplication in the sewer watars, e au axprass:cc L

m&mn th;:d:mn multiplication ocours 14 sywbioeis with mrotaos
goms o .

Evans and Osterud (15465) trisd tc aseertain whether the vix
of policwyelitis propagates in cultures With protosca (the Bode
gomis, Monas, and several others) by adding to cultares grown In
the most faversble conditions a suspension of spina) cord co:tsia.
ing the virus. After incubation, fir a periofl of Sell days, e &+
ings were made. The fluid of diffe wnt geseretions, trested «iti:
sther and centrifuged for riddance of bastaris, was introucac 1 s
the brain of moukoys. The sxperime its diselosed no propagstact £
virus in the protosca cuitures, Th: authops did not estudy 4i: pias
n of the adsorption of the vi-us by the sferecrgamises.

The experiments of other auth rs have dleclosed, Bowsv: ., :.
osrtain possibility of adsorption &l the @AJity of prodtos:: an:.
bastesria to carry the virus of poliwmyslitis,

mm ooworkers, Takace :nd Scheaeffer, (ISh8) stuc led
‘ : 20 osaTy tie viite

A

destroyed the mesi-ane of ths asmsba snd adwgtted the virus t« the

surpounding fluid, Microscopic inwcstigstion actually dimel: s

considerable demolition of the amshis after the 1)th washio:. 7%

tlemt was not discovered in the amakas 3, L, end 6 days aft=: <u:-
[ ]

Recently Young, Felsenfold, ard Bymd (1949) (bere pei: i
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fioung, in the bibliography ss Yaung) disclased the possidi iy
the virus of poliomyelitis (the lansing st¥min) to

p A ¢a, a8 well as by the intestindl bdaoillus snd - =
bacilius., It is in‘hmﬁ.& +0 aote timt "
suthors cbserved the grest immnity of the visus admorbed by i
amsbas and dbacteria to the tamperature of the thermostat., Ti:
amsbas contained the adsorbed virua after LB Bours of inesmbation
of the cultures in the thermostat, No propagétion of the wir:s
was observed by the muthors,

The aggregate of all of the okosve-mentioned faocts leave . =
doubt that tho virusas are adsorted >y microbes and protosos - i
in experimental and 4in natural conditiocns.

This adsorption is not the umcal physice-shamioal proce. :

although it prooeeds during definite physicoe-éhemioal conditi .«
The adsorption of the viruses by the microbes bears & selssii :

RE

%3

charecter stipulatod by the biologhcal and not the plysicoech ii:il
peculiarities that have a hand in tha reaction of the wmicrwor.andsz .
One and the same virus is sdeworbed to an sntively dfferent c: 33,

or is not adsorbed at all, by the wericus micyodes in ome mic is
sang conditione. On the other hand, differeni vipuses cen be ac.
sorbed by one end the sane sdcroorgsnism, All Shis persdts il
ing that the phenomenon of adsorpticn of viruses Wy Ii.crub-n
biological phonomsion eonnected wvitt the lﬁpiaﬂ.on of the «: -1
the outer mediuna, o , ‘

Symbiotic mxau!g

The sdovemontionsd oonsiderut lons have glven occasio:
suppose the possibility not ouly of the sdsorpuion of virwsss
miorobes but also their multiplicatisn in the niepchbe cells.
Suitable expcrinents wers set up by us and later on by other +=:
gators with viruses of variolar vaocine, fowl variola, measi::
herpes, rables, encephmlomyel tiz of horses, sulue plagve, ... ..l
and mouth ditam The circwastanoce shat tﬂo vickettsliom 2. -
distinguished from the viruses by e conditions of thelr oul s
has given occusion to study in symbiotic eultures the virus c

exanthematous typhus. The eymbiotic oultures of the virus «f ru:lo e

with differems. species of yeast weme atuﬂcd in greatest det: 1.
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The Virus of Variolar Vaccine

In 1932 we reported (Zil'ber and ¥ostmukhows « trenglator =
note: the latier is spelled Vostroukhowa in the bibliography -,
1932, 1933) on the possibility of growing the virus of variolar
vaccine for a prolonged perisd in a bowdllon gultwre aof yeast,
The filtrate of damp "zoskoba® (?scraping) wes sdded L0 & 2<3=hou.
culture of Torula kephir yeast, and this culture was let 1
the thermostat at 7« Resowings wers meds three days in
& test tube with ordiniry meatepeptons bouillon, oontrol ter:
tubes the virus wes added to the bouillon withowt yeast, and
ings were made at the come time, The cotent of virus in the tes
tubes was studied by intrecorneal inooulation of Pige, as w1l 5
by intracutanscus and intratestiecular imocwlation of rebdits, i:
thess experimeats we used the Torula kepnir strsin,

Symbictic cultures of the variols virus, which osn be trar:
ferred ten times uith preservuticn of virulenoy, were obtained b
the above-mentioned metnod., One of the sultupes wks transferreé
over more than ons and & half years and =t41l kapt- its sstdvity
after the 120th resowing. A study of tause cultures had reveals:
that they have a number of peculiarities that distinguish the vi:: :
in these cultwes ?rou zhe ordinary virus of the vaceine, One of
these peculiaritie: consistec of the fagi that the cultures did =~ -
take at cutanecus inoculatior, but took well at irtraountansous
introduction, &8 wall as at intratesticuiar and intrecerebral
inoculation of rabbits and pigs, provokirg typiosl alterations a-:
the assumulation of elenentary bodies {translatorts note: same =:
inclusion bodies) in the tissvem. The dultures todk well alsc a:.
inoculation into the cornea of animals., The lack @& the capacits
in symbiotic cultuses to take at outanems inoculsbion s
stipulated possibly by the close comnnectdon of the virmes with
the yeast cell. R<perinents in which swea inooulation was suce
ceseful if the cultures were carefully muiverised beforehand in &
mortar with sand served as proaf of this iypothesis. The virvle:: -
of symblotic cultures w.s inthe first ten gemerstions rather hig. .
Thus, for example, strain 662 in the 39th gensretion took at dijiv .
tion of 1: 100,000, striin 305 took in ths 29th gexmration at dii
tion of 1: 50,000, stc,

The greatest diiution at whiech inoe lation was chserved to
take was that of 1: 500,000, However, T&.: from g1l streins had
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:m:k:. :ix(\\lnt)ar.fnnd it did not remaia constans. After severs:
deca tens) of gensrations the virulenay ssually d&ropped
rether considerably. A special irwestdzation msds togather Witk
V. D.ﬁnkvv:lwudthstnotmryya-nuuuaﬂmbmn
A person is easily corvinced of this ak sowing s snbiotie eultuu
on agar and at studying the virus oonteat of eech Ad
selacting colonles that contain virus and at resawing on
bouillon it was possible to increase coisidersdly the vimlenny -
m?wimcmtmmwmmunmbymmu-m

In all cases at suoeessful inoculaticn the pulture always
succeeded in disclosing elemontary (ine:usion) bofies in the
tissuss, But all attempts to disclose -)ementary bodies in the
cultures produced no rssulte. A study of the antigenic properti. :
of symbiotic cultures diselosed their enpacity to cause immmunity
and the formation of antibocies to the veriolar virus a certair
time after inoculation, However, the intensity of this process
Va3 not very sharply expresced. Thus, yor exampls, the sepe of
rabbits immnized by symbioiie cultures cenph:ﬂj nsutralised

40 infectious dosas of variclar calf lyeph e don of 2C
100 doses was not coustant. Pigs and rebbits Shemnised by oulti: s
proved immns teo subssquent inoculatiocs by 10 infectious doses oi
variolar calf lymph, but this ismunity vas relatively brief and
was not obsexrved in all omses. Thus, trs study of the antigeni:
properties of symiictis cultures discloesd the presenoe in thes : .
the variolar virus, but with scmewhst altered properties,

A histological siudy of the skin cf 5 srebbit inoculated wit:
symbiotic eultures dizalosed typical alterstions and Guarniexd
bodies (Khurgina, 1935), ' :

It should bs pointed out that ths symbiotie cultures cb-
tained by us of variolar virus weare turrsd over te three instit.:
to Yie L, A, Tarasevich Control (Institiie), %o the TeIRM, and &:
the Kharkov Mechnikov (Metchnikeff) Institute. Investigation o
thess cultures, vcth in the generetions sbtained Wy us ad in mt
sequent. anes, disclosci the presenoe in uhem of the variolar vir: -
(Gi1'gut, 19353 Korel:ova, 1936; Khestc-ich and Swr, 1935).

The eggrogats of all these data ha @ permitted us to moke
the conelusion thet the virus of variols~ vaceise can be propag: i il

A
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in eynbiotic oultures with osriain yeasts and swoh cultwrews ean Ha
recown for & long time in the laboratory. It 18 sntively natursl
thot adaptation to yeast oells causes an altersticn of the prope-.ies
of a virus, This alteration is not, howwver, stable, and the virus
from a yeast culture pesssd through animil tisswes quickly return~

to its initial propertiss.

Our izvestigations on symbiotie cuitures ¢f the virus of
variola vere verified and confirmed by s muber of suthors,

gil'gut (1935) studied the symbiotic cultyres of 15 streinc
of variolar vaccine with r yeast, In expepimpats from six -
these straine sym:iotic phowsd juick weaNening in the ri st
generations and in all the rest the virus was detacted in oulture-
of the 8th, 9th, 17th, 19%h, 20th, and 23d genefatiorns. Alsc
successful wers certain of the author's axperiments at cultivati. .
of ths virus in symbiotic cultures witihx itaphyléoaccous and sarc': -
Determination of the presencs of the viras in the cultures was ¢ =
by inoculation imto the cornea, clementary bodies alwaya deing ! -
ooversd in positive cases., Cutaneous irooulstion of raboits witt:
syrbiotie culturer produced no resulis, as was slso the case in = o
experiments, At intracutanecus inoculation of yesst cultures L -
rabbits the authore observed only slighat reactiong and not onee
obgerved generalization, One of cur yw st cultures of the virus
of variola, brought by us in the lwboratory to the Thth genersti: s,
was sent %o Dr. Gil'gut, and she still dstected the virus in thi:
culture after 13 further gensraticns (\g %o the 87th inclusively .
The immunity test in ssven rabbits inomxlated with symbiotic
cultures by smearing on their skins undi luted ealf lymph gave nc; .-
tive results. Ths suther, however, indicates thad these result:
were stipulated by negilgible reaction cr by its sbssnos st
inoculation of the eultures. '

Korol'kova {193%) studied three strains of gymbiotic oty 2
of the virus of the variolar vaccins, %o of whiel wvere chtained
from our laboratory (Lth and 8th generatiors) and ome was obtsir:
by sowing in kephir yeast the virus of tss nsurovsceine, The i3t
two proved stIXI activa in the 3Lth and 20th geberations, the l:f .o
in the 26th generation. The activity was countrolled by inooulaii :a
inko pig cornea and into the skin of rebois, aml $he specificitl;
in a oonsidersble poriion of the experirsnts was ¢onfirmed Ly to¢
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digscovery of elementary bodies. The aithor notes that the intrs.
cuticular inoculations of rabbits "wer: attendsd by the formeticrn
of poclmarks over the whols surface of the integument, reaction
usually having been lacking at the place of the introduction of
the needls end the pockmerks having apreared at & distance of

2=3 cm, from the place of injection". Inoculstions of cultures
into heifers wers unpuccossful,

Positive results of cultivating the virus of variols in syn-
biosis with the yeast were also cbtaired by Isebolinskii, Lavisoy,
and Cherniak (1935), The activity of t.he cultures was maintained
in their experimants up to the 17th-20th genenations. Attempts o
eultivate the virus on sarcines prodused no résults, Yeast cultures
ef the virus kept their activity at rescwing an agar, as woll a: at
preservation for a prolonged psriod s% room tenmpérature,

Timakov (1936) cultivated the viius of wariolar vaceine ir
symbiosis with kephir yeast, staphyloaccel, amd sarcina, Cultures
with yeast kept™ihe virus active to the 2Lth generation, the sema
ag certain cultures with stephylococei. Cultures with sarcinas
ware noneviruleni after the 13th to the 2lst gmnerations,

The author not omly studied the jresence of virus in the
cultures, but alsc dstermined its titar in mary resowings, The
titer of the virus proved sufficiently high, and:certain cultur::
of distant resowings (15 =~ 17) were active in & dilution up to
l: 25,000, The cultures took for the rabbit only at intracutare:yis
introduction, and the smearing of cultures onto the skin gave nc
positive results. In these exporimente there was also noted the
capacity of yeast cultures to produce in rabbits .a generalived
prooess, By selection the author succesded in ednsiderably boosi..
ing the virulency of the cultures obtainsd by him. The %
yeast both in his works and in the works of (il'gut and Ko Kova
¥as entirely apathogenie,

. Tulchinskaia (1936) studied in dstail the question of ths
culture of the variola of fowls in syrblosis with kephir yeest.
The virus in the yeast cultures was detacted up to th
generation, whereas in control resowings in bouillon without the
yeast it was poseible to discover the vizus no' further than in ¢ e
3d-kth resowing. In skin affections obaserved at introduction of
cultures elsmentery bodies were found. In oertain esses at intriw
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duction into ths skin of a yeast culture (10th generation) a
generalized process and the appearanga of pogkmarks on the muc:za
of the mouth, eyelids, etc. were obse:ved, The author observac
weakening of the virulency from ths 15th to the 18th generatio:=
énd the disappearance of it from the 35th to the Lith gensraticns.
Yeast cultures of chicken pox in the 32th generation and of pigson
pox in the 16th generation provoked, roreover, distinet reacticn
and subsequent immunity to the natura: virus, Imunity was verifioc
in chickens by the smearing of naturs) chicken virus on the
scarified skin of the comb and wattle and by implantation frem siecl
chickens to immuniged, and in pigeons by smesyring plgeon virue Hnic
the scarified follicles of the breast, and in both casss b5 duwya
and 5-6 months {? respectively) after the initial affection, -1 of
the chickens so tested and 19 of the rigeons did not fall sick “rcy
the variola, while there was sickness of one and all of the ¢urirols,
An analogous experiment with yeast cultures of 20th to 21st
generalions gave negative results, and in the bixds made 111 again
after infection with yeast cultures nc immunity was discovered ..
subsequent introduction of ratural wiras. Tullghinskaia noted ::
further interesting circunstance. She added healthy fowl to rc:i
that had been diseased by yeast cultur2s, provoking in them dis .
tinct disease, These healthy birds that had bsan in eclose cont:ici
with thosa that were inoculated did np: fall 111, however, whic.:
permits supposing the modification of she virus in the symbioti:
cultures and loss by it of contagioush:es.,

Bulanov ard Riskhovskii (1936) t-ied to culture the virus of
variola, the diphtheria of foul, in sfprbiosis with brewers! yea:t,
and sercinas. The authors testsd only the segonc generation of
their cultures, inoculating it into two chickens by smearing on
scarified comb and wattle, At ootainiig negative results, the
authors did nct contimie their experizente. Negstive results v rs
2lso obtaeined by Amies (1935), who in'ids main expariments uged
washad elementary bodies of wartolar veccine, s well as Voet
{(1935) in some experiments with neurcy: ceine, and Arbeit (1935}
in experiments with vaceins and exantiematous 4yphus,

All the above-mantioned data ledve no doubt of the fact il ik
the virus of variclar vaccine can keep its activity for a long fimg
in symbiotic cultures with yeasst and gertain bacteria. All
investigators who followed our methed sad did rot abandon their

works after unsuccessful experiments with the Pirst cultures of
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microbes and strains of virus that fell into their hands receivec
positive results, :

Besides the eymbiotic cultures or the virus of variola,
there were studied symbiotic cultures of other viruees also,
Smirnov and coworkers (1935) cultivatsc the wirus of measles i
symbiosis with lesphir, bread, and brewers' yeaet, The blood of
measle patients, taken at onset, wae diluted with Tyrode's
solution in the nroportion 1: 7 « 1 10, and 3«5 drops of this
blood wera sown in a test tube with freshly sown yeast. Resow.
ings were made every 6=7 days, end detsstion of the virus in the
cultures was made by inoculation of reb>its and in other expe;-
ments. The control rebbits were inocud ated with the blood of
patients, taken at onset, as well as by the inltial yeast cultur z.
Parallel with these experiments thepre wire set up experiments of
the inoculation of rabbite with messls -rirus cultures on River's
medium, Judgment was made of the speci’ie reacticn of the rabbl o
by the rise of temperature S-1i days af.or infection, by the
appearance of the catarrhal phenomena ¢~ the conjunctivae and of
ths micosa of the nose, by laukocytosis in the first 2L=U48 hourw
after infection, and subsequent leukemis and alteration of the
hémogram, The specific pathogenicity wes disclosed in other
experiments too. A comparison of all the data obtained psrmittc:
the authors to conclude that the measleés virues is preserved in
yeast cultures for & pariod of 35 or mere generations,

Unfortunately the suthors did no$ learn of our instruetion
on the nscessity to use for cutaneous {roenlation pulverized
cultures, It is antirely likely that Msd they so done their
results would have been even more demorstrative, Afanasseva and
Shapiro (1936) also studied the poasibilitvy of cultivation of
measles virus in aymbiosis with kophir y=ast, They cams to the
conclusion that such ecultivation doas not turn cut well in all
cases and symbiotio cultures possess week pathogenicity for rabhbi ..
Degviz (1927) observed prolonged survivel of messles virus in
cultures with different coeei.

‘Izabolinskis, Levtsov, and Cherniat (1935) reported on thed -
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obtaining symbiotic cultures of rabies virus with kephir yesst.
The data cited by them, however, are meonvincingg—gﬁa—loss
(or killing?) of rabbits on which testing of the cultures was
carried out was cbserved on the second day when there were
phenomena of paralysis. No bacteriological controls were set
up., Insufficient passages were mads, Ho histological investi.
gations were mada of the brain,

Rosengol!'ts and Karnaukhova (193h) cultivated the virus of
rabies on Micr. lysodeicticus., The cultures were tested after
5=12 days’ growth by Inoculation of rab)its and pigs subdurally
and of mica into the muscles of the femir,

One of the cultures (the 10th genaration) was inoculated
into 27 mice, 13 rabbits, and L pigs. Iying from rabies with ths
confirmation of further passages were 1:i mios, 3 rabbits, and tu:
pigs. Incubation in the majority of cases was from 2560 days N
although the thres-day was also observed. The authore reported
likewise on certein successful experimeqts at cultivating the
virus of rabies with kephir yeast. In cultures of micrococcus
the authors also grew the viruas of sirest rabies. A dog was in-
oculated with the 6th generation; it died with the phencmena of
paralysis 7 days after inoculation. Its brain was passed through
Fabbits, in 18 out of the 26 animals paralysis having been observad.
In two rabbits inoculated intramisculariy with the brain of the
dog, inclusions were observed similar to Negri bodies, and in sub-
sequent passeges into animals these fomations were not cbserved..

Akiter and Florinskil (1935) obtained no results in attempic
to cultivate in symbiotic cultures the virus of rables. In their
experiments with kephir and brewers® yenst there were observed nct
only propagation ‘bug #1so survival of $he virua. Moreover, the
yeasts at intracerebral inoculation preved pathogenic. Experimercs

with sarcina were succassful.

Palavandov, Serebriansia, and Pugsch (1936) cultivated the
virus of rabies in mixad culture with yeest and Micr. lysodsicticas.
The culturs contained the virus only up to the 3d generation, 23N
the authors explain by the suvrvival of the virus. Since in contr»l
- sowlings in bouillon the virus was not detected in these gensratic.s.
the authors think that in conditions of mixed culture the virus
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finds conditions better for ite preservation than in bvouillon.

Entirely negative results were likswise obtained in the
carefully set up experiments of Vinogredova (1934 ), Waldhecker
(1936), and Portniagina (1939).

All these materials permit our thinking that there were
obtained no symsiotic cultures of the virus of rebics with the
yeast. The posjtive results reported by certain authors are un-
comvineing and 4 not contain all the proofs needed of the gpe.-
cificity of the pathological processes :nused by the cultures

being investigated,"

Offering far' more interest are th: works of Minervin's
lsboratory., Minervin studied the posaihility of the carrying of
the virus of rabies by microbes in natt=l conditions,

Minervin and Rapoport (1936) stud.ed the microorgemisns o
the mouth cavity of rabid dogs in the eharacter of bearers of th
rables virus,

The authors sowed the mucus of td« oral aavity of dogs
destroyed by rabies on dishes of blood zgar and then after 2 daye’
-growth transferred the isolated colonies tc bousllon, The bouiil:n
generations (up to the 7th) that had developed in the courss of
3<5 days were tested by inoculation of rabbits s with subsequent
paseages of their brain when diseass war present. The cultures
were introduced iato rabbits subdurelly in very ssall dosage, froca
five to ten million microbs bodies, With the use of this method
there was cbaerved in the rabbits after 9-50 days of incubation &
disease with the slinic characteristic to experimental rebies,

The disease proved to be possible to pass seversl times from om
rabbit to another. the organs and blood of the rsbbits having

been bactericlogioally sterile. The arthors did not cbserve 1a t.s
brain of rebbits inoculated with cultures the typical Negri bodis:,
but saw formations similar in certain respects to these bodies,
‘The clearest resuits were obtained with ons gram-positive baciliu«
and with streptococcus. _

These cbservations indisputsebly hsve great interest, Un-
fortunately they were not contimied and sat up sufficiently exten
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sively, Meamwhile, nnmely in this direction, it is expedient also
to study the problem of the symbiosis of the rabics virus with the
microbes. At escapiag from the central nervous system into the
mouth cavity the virus of rabies is encourtsred in the saliva with
many microorganisms, and it is necessary to seek smong them the
ocbjects of possibls symbiosis, It is necessary to take into cone
sideration that tals symbiosis is certainly not attended also by
complete preservition of all the biologicsl properties of the
virus - it may te expressed simply in the fact that the virus in
the microbe culuure is preserved in those conditions of the mediun
in which by itself it dies. Unfortunately this question, a
principal one from our point of view, has remained cutside the
fileld of vision of many investigators, napaly from the need there
would be to degin the study of the symbiomis of ths rabies virus
with the mi:robes, '

. As for other viruses that infect the central nervous systen,
then, inwmuch, as the majority of them phactrate imto the narvous
system, ¢3caping into the nonsterile cavitles and tissues of the
animal ocganism, it is poseible to judge tieir symbiosis with the
microbe; only in respect to those microbes with whioch these viruses
are enrountered in the organism of the comrreyor,, From this point
of vied it wopld be interesting to study tie wirbs of tick ene
cephniitis, inasmuch as it 1s tranamitted by ticks from generaticr
to g:neration and circuluates intheir orgamsm for a Jong time, Of
course, it is first necessary to clarify wiether the virus circu-
latis in the organism of the tick in nonst-rile tissues,

In order to complete the account of ata obtainsd during the
sudy of the symbiosis of viruses that affrct the nervous systenm
rith microbes, it 18 necessary to dwell beiefly on dats cbtainad
4ith the virus of poliecmyelitis and herpes.

_ Brutsaert and coworicers (1946) tried to cultivate the virus
of mouse poliomyelitis in eultures of tick bacilius » & mixture of
intestinal flora, of Leptospira, and of vdrious protgsoa. In cul-
tures of Trichomonas hominis the virus may be found in the Lth
generation, however close results ware cbtsined with a killed
culturs of the sams Trichomonas, It should he noted ‘that the
authors used media moat favorable to the growth of the protosca
being studied, departing from our instructions on this problen,
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In natural eonditions cbviously such wedia are lacking, Morecvas,
in a mumber of experiments they introcuced into the animals f£1]-
trates of symbiotic oultures, evidently assuming that the virue
is propagated in the medium and not ir the mieroorganiams,
Certainly these experimsnts could not give positive results., It
iz possible that they would not be poeitive too with observam:e
of the necessary conditions of the expsrimsnt, Inasmch as the
herpes virus can be found with microbes of the integument, it
would be possible to doubt in it the capacity to adapt itself to
them.

Grundfest (1934 - translator's note: spolled Gruntfest i
the bibliography) cultivated, the virus of herpes with ha?&r
yeast, The virus was cbserved in six dubsequent. generations,
provoking typicsl affection and creatii¢ specific immunity in
reinfected animsls. In further genera:ions the virus was not
detected. 'Histological alterations in the brain of rabbits that
died after inoculation with symbiotic :mltures into the cornes
wers fully typical to the herpetic. Svmbiotic cultures kept their
virulence for a period of 3 months when preserved at room tempe.:-
ture. ' '

Interesting data were cbtained drring the study of symbiosis
with microbes of the virusof hoof and mouth disesse. As early &z
1933, together with E. I. Vostrukhova, we tried to obtain sym.
biotic cultures of the hoof and mouth cisease virus, Experimeni:
of obtaining these cultures by mcans df our strain of Torula ke il
gave no positive results. More succes:ful were investIgetions 1n
‘which wa tried to detect the carrier af the virus of hoof and
mouth disease in natural conditions. At 1solating from guinea
pige infected with hoof and mouth disesss varibus cultures from
their dizeased paws, E. I, Vostrukhova aeparated out a sluggiahl ;-
growing streptococcus, which indisputacly was the earrier of tie
hoof and mouth digsase virus and provaked in the pigs the typiecs.
disease, This property was preserved ia it in eight resowings,
ulisrsas in eontrol resowings of the virus on the same, however with-
out a microbe medium, it was no longer iotected in the third gens-
ation. These investications were not continued smd vere not pub
lished.

. Frenkel (193L) cbtained negative sesults at endeavoring t.o
cbtain symbiotic cultures of the virus >f hoof aml mouth diseasn
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with Torula kephir ycast. Poppe and Busch (1936) likewlse obta:rad
negative re in experiments with this ycast., However, the
latter authors received indisputably positive results at cultivation
of the virus of hoof and mouth disease in symbiotie enltures wits
Torula rubra and with certain other species of yeast, Cultures of
the hoof and mouth disesse virus with Torula rubra in the &0th
generation provoked in guinea pigs not only & Iotal but also a
gereralized process. The breeding of the hoof and mouth disease
virus initi sown in the yeast culture reached the generatior
figure of 10°<, With yeast of certain othepr specles, Torula Kiel
and L. (sicl), the experiments were alto positdve and The oulturas
contained virus in the 10th and 28th generatiors, With other
species of yeast (Torula pulcherrims, the wine yeasts, and others)
and wilth certain bacterla (staphyIoceocus, sarcina, and others) a0
symbiotic culturas were obtained.

The authors explained the importsnce of the presence of =
neutral reaction of the medium (bouillen), in which the symbiotic
culture is grown, as well as of the macium in which the virus is
suspended at extraction of it from ths tissue,. For the latter pir-
pose a phosphate buffer proved completely inadequute, whereas wiih
Tyrode's solution good results were cbtained, Thus, Poppe and
Busch'a experimente established with certainty the possibility ot
cbtaining symbiotic cultures of the virus of hoof and mouth disesse
with certain species of yeast. o

- In symbiotic cultures the virus of the plagus of swins was
likewisa studied. Likhachev (1937), proceading fram the fact that
enterococcus and sarcinas ara most oftsn isolated from the blood
of awine affected with plague, tried to cultivite the virus of
this disease in symblotic cultures with thase #iarobes, The Sth.
10th, and 21st generations of these culzures: produced at intro.
duction into yourg pigs a pig plague tynical 44 elinic and patho-
loglcal-anatamicel picture, The blood’ of. the gick animel, testa!
in one case, produced the same diseare it intréduction into &
healthy animal. For control thers was an abgesce of virus in thn
installation in which the experimants wzre carried out, and ther:
vaa a lack of contagicusness for the dideans produced by the
symblotic culturess in adjoining pens hoslthy young pigs were
kept. These young pigs fell 111 with plagus¢ on the 17th and 28t
day after the stert of the experiments snd eucgumbed on the 2Lth
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and Llst day, which indicates their iafection from the experi-
mental animals.

Cultures of enterococcus and saccina without the virus
produced no pathologicael phenomena in the young pigs. The
animals that survived the introduction of the 21lst generatior
of symbiotic culture were tested for immmity and did not dis-
close such, Farller generations were not subjected to such
testing. The experiments with two other straink of virus gave
no pooitive results, but a total of tiree generations, the 20ti,
5th, and $th, were tested.

All the materisls stated show that not only the viruas of
variolar vaccine can survive and muitiply in conditions of
symbiosis with certain microbes, but that this capacity is inhnrvent.
to other viruses too. '

Experiments with Exanthematous Typhus

The provoker of exanthematous typhus is not, as known, an
ultravirus (filtrable virus), but is & rickettsia, Howewver, ul.s
rickettsias in the conditions of culture are cuite similar to +he
viruses. They, as the latter, are chligatory cellular parasites
and are incapable of multiplying on srtificial mutritive media.
These propertiss of theirs can make possible the adaptation of the
ricketisles to other miarcbes, the more so that the provoker of
exanthematous typhus is constantly feund with microbes in the 21~
testines of lica. The poesibility of the alteration of certair
properties of microbss under the effect of the ¥irus of
exanthermatous typhus was demonstrated by us as early as 1922 whan,
at cultivation of Proteus vulgaris in the abdomen of a4 young pig
with exanthematous typhus, a culture vas cbtxined of the
exanthematous typhus proteus, distinet. from any whatsoever isoiitec
from the exanthamatous typhus orgsnisn. Minervin (1935), at
introducing his exanthematous typbus into pig testicle, observe.:
an analogous alteration of the Proteur vulgaris, It should ba
noted that the virue of exanthemalcud tyPhus possess no pronoursac
cytotropicity to cells of a definite species and type. Tius, i:
infects man, guinea pig, rabbit, and mice, ami 1t multiplies ir
not only their brain but also inthe tissue of the lunga, splesr
and other tissucs, All these data have also givsn us basis Lo
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try to obtain symbiotic cultures of the exanthematous typhus virus.
Experimente set up by approximetely the same method as with the
virus of the variolar vaccine (2il'ber and Dosser, 193l) disclozed
the presence of the exanthematous typlas virus in cultures with
kzaghmi_ I yeast and sarcinas, in which $he blood of exanthematous
typ (victims) wss sown in a dosags of 0e2+0,3 ml, or 1/200 ¢z
the brain of exanthematous typhus pige. The presence of the
virus in thess cultures was demonstrated first. of all by experi-
ments of inoculating pigs with them, the pige having disclosed
temperature reaction typical to exantlematous tynhus » the disesue
having been passed bacteriologically into sterils brain up to five
times. In the diseased pigs rickettaias were discoversd in ths
tunica vagia., as too the histopatholegical altarations charactes-
istic to exanthematous typhus, In lics affected by symbiotic
cultures by the rectal method ricketteins were discovered, ai
they died 15-20 days after inoculation, Inocelation of mice by
the nasal route was not earrisd out sfice this method was not
known at that time, Rabbits inoculatei with syrbiotic cultures
produced an accumil:tion of agglutinins to Proteus X19 in & titer
of 1: 80, howsver not in all cases.

This work of ours attracted the attention of many investi--
gators; GOel'tser and Hemshilov (1934) cultured the virus SXRDLNSMA WA 8
typhue (the blood of patients) with Sacchar rceg cercviseae, The
15th, 16th, and 2ith generations of these cugﬁg s wore introduced
into pigs, in which on the l2th-17th dry after inoculation therw
was observed a rise of temperature witidn the limits of 0.8«2° :2ad
& duration of from 4 to 6 days. When -;'assages were mads with tha
blood and brain of these disessed Pigs, the rise in temperature
occurred on the 1lth.18th day and the {ever lasted 7-15 days (mcst
often 8 days), In all the affected pi;s thare was noted a drop
in weight. At introduction of cultura:, a8 well as of brain of
the passage pigs into rabbits there was observed in them the
appearance of the Weil-Felix reaction with a titer of 1z LO to 1: 6C,
in the brain of the affacted pigs there were observed histopathsiogiss.
alterations eharacteristic to exantheme tous typhus, In & subse.-
quent work Gel'tser and Hemshilov (193 ) tested & further series
of gensrations of aymbiotic cultures, using fopr this purpogse als.
kephir yeast, and cbtained by this prirncipally the same results.

In later generations of certain sirains (18th-36th) the vi-us
was not discovered, the weakening of th: virua having proceedec i:itn
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different rapidity in different strain: (strain I in the 3iith
generation, and strain III in the 18th generation), The experi-~
mants of the authors with the obtainin; of immne sera by symbiciic
cultures are quite substantial. Thess sera were obtained by
immunigation of horse, calf, and sheep and disclosed a considersble
titer of the Well-Felix reaction., Thue, the sera of horse and
helfer raised the titer from 1: 100 to 1 1200, and the sera of the
shaep from 1s 50 £& 1: 1200, Thess sara, tested after L2 days of
preservation, in all experiments nsutrsliged the passage virus ¢!
exanthematous typhus. Pigs into which a mixture of immne serur
and virus was introduced gave no 8igngd of exanthematous typhus and
disclosed no immmnity at their subsequent inoculation with passagze
virus, An attempt to vaccinate guinea vigs with symbiotic cultures
killed in various ways produced no resulis » Which is fully under-
standsble in the light of contemporary data, since the number of
virus in the symbiotic cultures was not sufficient; for this purpuse.

Iakovlav (193k4) cbserved in cultuces of the exanthematous
typhue virus with yeast and sarcinas formations of various structure,
which he considered tc be different stases of the metemorphosis -f
the rickettsias, There have been offer:d no divect proofs of this.

Kalina and Danishevskaia (1933) i1 a preliminary report
stated the positive results obtained at invculation of the 2Lth ang
L9th generations of a yeest culture of ¢ he exanthematous typhus «irus
that had been transferred daily or ewer- other ‘day. However, the
material cited was little conclusive esiice the ‘typical tempereturs
curve was observed in a total of one of the three pigs.,

the 6th and 8th generations were studied in deteil by Toksrevich
and Kliachko (1935), The disesse typigrl to exanthematous typhur
wag observed in 13 cut of 2 of the pigr inoculated with these
cultures, the main indices characterisii¢ the tempsrature curves
having disclosed consliderably greater diversity than is observed

at inoculation of the pigs with passaga virus, Histological altera-
tions were discovered in four out of 12 of the piga investigated,
they having been discovered in three cut of five cases with typical
fever and in one out of seven cases witt -atypical fever. The cui-
tures in a muber of cuses provoked the appearance of the Well-Felix

g

reaction in rabbits in a titer of 1: LU and 1: 160. - The immunitv

Symbiotlc cultures of the exantharatous %yphus virus up to
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was tested in a total of five pigs, one of them not having had a
general fever at introduction of 0,1 of brain of passage pig and
the other having given a brief (2-) day) rise in temperature witl:
major remissions. Levkovich (193L) alsc cbtained principally the
same results., BT .

Afanas'sva and Sterkhova (193l.) cultivatad the Furopean
virus of exsnthematous typhus in syrbilosis with kephir and brewers!
yeast. .They came to the conclusion that such vation
"succeeds in rare cases and in a limited nwber of generatiors".
the exanthematous typhus virus proving slightly pathogenic ard
lessening its immuniging properties. Best results were obtainad
with yeast cultures of rat exanthemrtous typhus, which "discinase
all the characteristic reactions natural to this virus and dis-
tinguish it from the epidemic, such as: the fever reaction in whit:
mice, the fever and scrotal reactior in pige, and the slight affec-
tion in them by gramlomatosis of the cerebrua". However, all tles:
indications in the cultures ware exrressed considersbly more waally
than these were obaerved at affecticn by passage virus, Ths
disease in pigs, provoked by yeast cultures of the virus, conmunie
cated immunity to the rat passage wirus, but did not transmit
immunity to the Furopean. One of ths cultures lost pathoganicity
only in the 34th generation, ,

_ Elin, Frenikman (given as Frelran in the bibliography), and
Urban (1935) tried to cultivate the virus of exanthemstous typis
in symbiosis with yeast (with which of the yeasts i8 not indicated)
At affection by some yeast cultures aot containing the virue they
observed in the pigs the temperature and histological alterationa
typical to exanthematous typhus. They also observed a positive
Weil-Felix reaction -in rabbits into shich only the yeast waz
introduced. _ '

The authors promised to report on further investigations of
this paradoxica) phencmenon, but thds report did not follow.

. Gmtenko and Friauf (1935) cultured ths virus of exanthsnaisa
typhus in symblosis with yellow sarcinas on & s0lid mitritive medis ..
Out of the 12 experiments positive rasults were obtained in four
canesd, '
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iompaneets aid coworkers (1936) studied cultures of the
virus >f exanthemrious typhus in symdsosis with yeasts (kephir,
bread, and breweri’)., The cultures wers tested by inocuIatlon of
guine: plgs and by observation for tHe Weil-Fekix reaction in
rabbits and goats that had received tlese cultures,

The authys note the drop in viralency of the virus as be..
glining alread;y in the second gemsration, However, rabbits which
wefe imminized by the cultures, beginking with the Lth generation,
gve in a cownsiderable percentage of the cases & transition from
she wegative Weil-Felix reaction to ths positive with & titer up
0 J: kO, arl in two the transition of the positive reaction was
tom oa titer of 1z 60 to a viter of 1: 320, Ko virueidal propsrties

2re discovired in the goat serum.

Otts (193L) and Voet (1935) obta .ned negative results in o
fow attests to cultivate the virus of exanthdmatous typhus in
symbiotic culturas,

Minervin, Zil'bemman, and Gerbil skii (according to the
bibliography, Gebril'skii) (1936) isol:ted fram the intestines o?
lice takin from exanthematouvs typms petients beeterial cultures
which pruved capable of Producing in pigs at subeutaneocus intro-
duetion typical exanthematous typhus fever and histopathologiea:
alterations entirely characteristic to exanthema$ous typhus,

In certain cases the disease with a tyrical picture was pagsed b
the brain of affected pigs bacteriologically sterile,

In a subsequent work Zil ‘herman sad Gerbil'skii (1938)
reported that the With and 6th generationa of the wirus cultures
from bacteria isolated from lice did not disclése the presence .
the virus at inoeulation of pige. likeuise, atteampts to cultiva:o
the exanthomatous typhus virus in cultvues of Proteus vulgaris,
yeast, and sarcinas proved unsuccessful. &) strains of
Proteus vulgaris, formerly in contact W.th the blood of
exanthematous typhus patients, acquired the ability to. be aggluti.
nated by the serum of rabbite immnized with Xy9, Cultures of
proteus, yeast, end sarcina that were t:ken into the experimant
by the authors, by themselves without t:e virud, provoked in ths
Pigs & mumber of pathological. phenomena in a series of cases,
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In judging the above-mentioned data it is necessary to taks
into consideration that all authors who 1ave studied the propertiss
of symbiotic cultures have compared them with a ‘passage virus well
adapted to the guinea pig organism, Of ~course, synblotic cultures
could not disclose in full measure those propertles which are
observed in a passage virus, but the presence of the exanthematous
typhus virus in these cultures in many e periments was sufficient.y
demonstrated in a persuasive way. This vuas recognized by all these
authors who carefully noted the absence of a complete conformity
of the properties of the cultures and of the padsage virus
(Tokar?vi.ch and Kliachko, Gel’tser and Numshilov, Levkovich and
others),

In certain eases the cultures of y est that were taken for
the experiments were insufficiently carefully seleeted and proe-
duced in the pigs certain pathologicsl symptoms. However, in the
majority of authors who studied this protlsm the cultures of %he
microbesymbionts were completely apathegenie to guinea pigs and
produced no reaction in them, whersas the seme ctltures after
contact with the exanthematous typhus virus produced in the pigs
& number of symptoms typical to exanthem: tous typhua, The virus
certainly weakens and modifies in sywbiodtic cultures s but,
together with this, it is preserved in tiem in those conditions ir
which it dies when it is without micrcbe: (for ingtance, during.
multi-month keeping in a thermostat),

. Both in our experiments and in tha axperimeénts of dther
investigators rickettsias were not discowared with cortainty in
the symbiotic cultures, as the elemsntary bodies of the variola
virus wers not discovered. Apparently th» rickettsias of
exanthematous typhus can be represented eithsr as formations of
considerably lesser dimensions or as fortations with a different
than usual capacity for staining. By this apparently i8 expleined
o the difficulty of discovering the rictetisias in the brain of
affected pige. The problem of the symbiois of the virus of
exanthematous typhus with the microbes ctild be productively
Studled at the present time owing to the ‘eprodu¢tion of pulmonary
exanthematous typhus prneumonia in miee apl ths passibility of
studying symbiotic cultures by the electron nicrosecpe.,
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General Resul:.s

The data eited above indicate suificientily conclusively tha
existence of symbiosis between the mierches ard viruses, The fora
of symbiosis described above was in duc course designated as an
"allobiophoria” (i.e. a& a bearer of siother life). Most often
the term "virophoria®™, i.e. a carrier cf viruses, is used. This
last term is more concrete and better expresses the nature of the
phenomenon. FEntirely likely tooc is the exiatence of other forme
of symbiosis besides the virophoris. In litereture there are
reports (Iakovlev, 1949, and others) 1: which it is indicated
that the viruses survive in a madium populated with microbes, nc:
entering into any closer cornection with them. BEvidently eertain
microbes can produce substances that meke possible the survival of
the viruses in the outer medium., This guestion has been very little
studied,

The great similarity of the phencmens of bacteriophagy anc
virophoria atiracts attention. Regardlsas of whichever point of
view 1s adhered to in respect to the nzture of ths bacteriophage.
it is impossible not to recognize that it possesdes the princips..
properties that characterize the ultra-viruses - the capacity tc
propagate only in living cells, the lack of a tapacity for growth
on artificial mutritive media, the filtratabillity, the stability
to certain disinfection substances, stc. Recentlr the data of tha
electron opties (7microscope) have pemitted referring with
certainty the bacteriophages to the ultraviruseés., The processes
observed in the presence of bacteriophezy are typically virophore
phenomena. It ie known that the phage is readily adsorbed by
suitable bacteria and can in such an adsorbed form be preserved
for & long time in bacterial culturss. If with this it was take:
in comparatively small amount, then there occurs 1o dissolving
in this culture, and it is a typiecally rirophors culture, Those
cultures of bacteria from which by diff:rent ménipulations a
bacteriophage is successfully cbtained wre suck virophore culturss.
It is interesting to note thit at sowin: the bacteriophage culture
on agar the same phenomenon is cbserved ns was noted at selectio:
of virophore cultures of variola: not avery celony is affected
by phage and virus,

However, the bacteriophage is treisferred ad infinitum
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together with the bacterial cells, attaining vast concentrations
and causing the dissolution of the cells, in contrast with the
virus in the virophore culture, which, :1though it undergoes
certain alterations, yet sooner or late: is freed of virue,
especially if it multiplies in favorabl: conditions., It ia possible
to suppose that the phenomenon of bactdiiophagy in the process of
evolution arose from the phenomenon of virophoria., The virus thes
had an affinity also to the animil cel s and to the microbe (celis ),
and is probably nonpathogenic to the antmsl, can in the process ¢
evolution acquire :a more pronounced affinity for mierobe cells ard
become pathogenic for them. We Would nct have resolved to exXprags
this hypothesis if we hadn't senn certain pogsibilities of itis
experimental verification, If v assume that permisgibility the
bacteriophage to the provoker o' typholc fever rises from the
virophore culture prior to the .atter miarobe that bears the visu:
that had an affinity to the ecells of the intestines, then it woul-
be possible to expect that certaln strains of this phage still
preserve remnants of the affinity to the intestinal cells., It is
possible to clerify this experime:tally >y studying the capacity
of these ealls to adsorb the phage and p-eserve it., Obviously for
control there should be studied alivo the anslogous capacity of the
other cells, Such an investigation migh: also produce material
that would permit using the phage sore efficiently for purposes

of prophylaxis and the treatment of infe-hious discases,

In a further study of the pharomsnom of virophorie it is fm- -
pessible to break awey from the theorsif :al foundation on which i:
is based. In virtue of this, first «f @1 it is nECassary:

1. To study the symblosis of tiv riruses with those microb:s
with which a given virus is encounterei ‘n natural conditions.
Hence, it is necessary to study the sy:b .0sis of the virus of
varicla and of hoof and mouth diseamse w\':h the microbes of the sic r
and micous membranes of the correspondii : animals, the virus of
rabies with the microbes of the seliwe c dogs, the virus of
inguinal lymph-egranulomatosis with tha vderobes of the skin, the
virus of grippe with the microbes of the cral ‘cavity and naso~
pharynx, the virus of tick encephalitis 'r.:h the microbes of the
ticks, that of Japanese encephalitis wit: the microbes of
‘mosquitoes, ete.

2. To study all forms of this syx iogis, and not only the
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propagation of the virus in the symbiotie cultures. None the less
and more important in practice, is the phenomenon of the carrier
proper, which is not obligatorily attended by mltiplieation of
the virus in the microbe cell, Namely vhis virus carrier too
should be studied in greatest detail.

-
Ed

3+ To study virophoria necesaarily firet of all in nsturai
conditions. By isolating the virophore bacterial cultures from
diseased tissues it iB eusiest of all to cbtain a olear idea both
of the presence of symbiotic phenomena in & given infection and of
their character. O0f course, testing practices are an essentisl
supplement to such experiments. '

L. With this study substantial a:tention should be directas
to the length of the maintaining of the virus in the virophore oui-
tures and to the oonditions of this preservation.

So The study of the capacity of miercbe cultures to becom:
virophoric likewise should epproximate retural corditions. Mor :i1is
purpose it would be necessary to introdice the culture being inm-
vestigated into affected tissue and ther to isolats it for saverni
days.,

Serlous attention during the study of the virophore phencmciia
should be pald to those alterations which cceur is the virophora
cultures both in the microbe-carrier anc in the virus, Meisel!
(1935) observed a mumber of cytological slteratdons in yeast in
sywbiotic cultures of the virus of varicla, o

It should be noted that during al) thess investigations 1t
is never possible for the determination of the presence of the
virus to be limited only to eclimical obzervations, It is always
necessary 1o supplement them with the mcrphologieal (for instance .
by the discovery of Paschen and Guarniari bodiee during variola’
and by immnological investigations, This is needasary not only
to determine the presence of the virus, but also $o.differentiats
the phenomena provcked by it from those provokel bv the microbe
carrier, which likewise may be to one ar another degree pathoga::i::.
The simplest method for such differentiation is the inoculation b+
virophorie cultures both of healthy animals and of animals that h-ve
been treated, on the ons hand, with serum for the vicus end, on t:e
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other hand, with serum for a given microbe. For instance » in
studying the virophorie culture of tae otaphyloaccous that baars
the virus of the group, it is necess.iry to inoculate not only
normal mice but also those which had received (the fo:

therapy) prior to this introductions one group - the anti-
grippe serum, the other - the anti-s%aphylococcug serum. The
results: thus obtained permit making ~elisble cenclusions even
in a case in which the pathogenic micobe is studied in the
character: of carrier. R

A study of the phenomena of the synbidais of the ultrami.crolat
with the microbes does not have just thecretioel interest. Ii is
indisputable that in'conditions of tie symblosis virugcs are
preserved longer: than in the sbsence of microbes, Consequent.y,
thanks o the virophoris, not only are the donditions of the
disperaion of the yiruses altered, but therd 1§ also formed o
unique reservoir of ¥iruses in nature, It ‘{mpossible to urder.
value the importents’of this supplemente; s¢rvoir for ceriteln
viruses, Farlier the impossibility cf th stence in outer
nature of ultraviruses pathogenic to mar stimale was considertt
firmly establishad, It was thought ihat exist only in the
organism of' thase arimals and in the orge 8 the vectors - thg
mosquitoes, ticks, lice, etc. Now 1t is’ ‘that this is nou s¢
and that viruses, like phages, can exist

symbiosis with miorobes, Thi7 circirstance khguld be taken into

consideration in" ths ‘epidemiology of certain ultrevirus disesssa R

for wlich mch is still in the dark vo to the present timo, 1% i
enough even to recall the epidamiclopy of ‘poligmyelitis. The
phenomenon of the adsorption of the wiruses by ‘che microbes ns:
practical importancs too, Sergiev ard coworkers (1945) and ciiwas
have revealsd that microbes that adscrb the virises ean be ussc

in certain ceses for discovery of aritibodies to these viruses ihe
reaction of the agglutination of the aicrobes loadsd with the wirua

poseibly having: diagnostic significarse,

A study of ths phenamena of the symbiosis of viruses and
nicrobes gives substantiel materials “or understanding the in-
accuracies of thoas investigators who, at isolating during vir:s
diseases various microbes that are cerriars of the viruses s hase
mistaken them for the provckers of thise disesses. To the Ban:
category of phenomena belong also reports of the conversion of
viruses into microbes,
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It is sufficient to look at the mi crophotographs presented
in Bosh'ian's book (1950) to be convinced that, for instancs, the
forms described by him es the spherical fory of the provoker cof
infactious anemis. of horses are yeast, Inssmeh as the yeast can.-
not be the provoker of this disease, it is possible to explair
its specific infectiousness only by the fact that it is the
carrier of the virus of infectious aremia,

A8 has been pointed out above, the plienomsna of the aymi:Louis
of viruses and microbes do not deplets by themsolves those intec-
relations which exist in them in nateral coniitions, The pres:ixe
in them of antagonistic relationshire is dafinite too, The la:v
question offers very great interest in corneetion with the dis-
covery in recent years of the inhibiting effect of bacterial
polysaccharides on the propagation of cortain viruses, The
further study of the problem of the iateraction of the viruses
and microbes, firet posed and studied by Soviet scientists, will

- enrdch science with facts of great thuoretical end practical

importance.
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